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Introduction
Recent papers have been written evaluating the short and long term effects of the crossbite correction using slow or rapid palatal expansion [1] [2] [3] [4] . The studies on the rapid palatal expansion show significant changes after therapy regarding the palate and airways dimensions, but the long term effects are not in agreement and some improvements are not maintained over the years 3, [5] [6] [7] [8] . Studies about slow expansion are not homogeneous [9] [10] [11] .
Despite unclear results 11, 12 , slow and rapid expansion of the maxilla are among the most used orthodontic treatment all over the world, due to the fact that decreased maxillary transverse dimension, narrow palate and dental crossbite relationship in the frontal plane are often associated and are common malocclusions to deal with in the everyday practice 11, 12 . The prevalence of crossbite has been established in literature in a range of 8-22% 13 depending on the areas and population characteristics.
Half of the crossbites are classified as unilateral posterior crossbites, meaning that they involve one or more teeth in the premolar and/or molar region of one side only of the dental arch 14 . This malocclusion may appear at a very early stage in development, during the eruption of the primary teeth and, later, it can involve the permanent dentition as well. It may originate from a skeletal or dental malrelationship, or both, and may lead to a mandibular displacement and/or a skeletal asymmetry.
For these reasons it is considered a worsening malocclusion, leading to an irreversible structural asymmetry at the end of growth, which may or may not be compensated in adulthood and increasing the risk of developing a temporomandibular disorder [15] [16] [17] [18] [19] .
It is well established that patients with a unilateral posterior crossbite, when chewing on the affected side, show an increased frequency of reverse sequencing chewing cycles in the frontal plane [20] [21] [22] [23] . Reverse chewing cycles are characterized by altered muscular activation corresponding to altered kinematics and altered pattern morphology 24 . They occur on the crossbite side only, being the chewing cycles on the non-affected side normal; this is the reason why a unilateral posterior crossbite is characterized by dental and functional asymmetries 25 .
Dental and skeletal asymmetries may be prevented by early orthodontic therapy 23, [26] [27] [28] [29] [30] , we know that the most common therapies successfully used by orthodontists to correct dental crossbite, do not rebalance the functional asymmetries after therapy 20, 23, 31 .
In this study, it was hypothesized that the correction of reverse chewing cycles may be due to the characteristics of the therapy.
The aim of this study was to investigate the prevalence of reverse sequencing chewing cycles in children with a unilateral posterior crossbite before and after slow expansion therapy with Function Generating Bite (FGB) to evaluate if the appliance corrects not only the dental malocclusion, but the masticatory asymmetry as well.
Materials and methods
Twenty children, (9 boys, 11 girls; age, mean ± SD, 7.5 ± 1.1), 10 with a right and 10 with a left posterior unilateral crossbite were selected from patients referred to the Department of Orthodontics, University of Turin, Italy. Before entering the study, informed consent was obtained from all parents. The inclusion criteria were: right or left unilateral posterior crossbite, mixed dentition, without any sign or symptom of myofacial disorders and no previous orthodontic therapy.
Each patient was treated with the functional appliance: "Function Generating Bite" (FGB) (Fig. 2a) . The appliances were individually manufactured 32 and made of acrylic resin and resilient stainless steel, with posterior metallic bite planes preventing the teeth from intercuspal contact (Fig. 2b,c) . At the end of treatment, the buccal cusps of the upper teeth, which were previously in crossbite (Fig. 1a,b,c) , overlapped the lower teeth ( Fig. 3 a,b,c) , thus providing the appropriate physiological stimuli from peripheral receptors and proprioceptors. The recordings of chewing cycles were carried out before treatment and after 4 months retention of the correction of the malocclusion.
Mandibular movement was measured with a kinesiograph (K7 -I, Myotronics Inc. Tukwila, Washington, USA) which measures jaw movements within an accuracy of 0.1 mm 33 . Subjects were instructed to chew for a time-period of 10 s for each experimental session with a soft (chewing gum) and then with a hard (winegum) bolus. The kinematic signals were analyzed with custom made software (University of Turin, Torino, Italy).
The statistical analysis was performed by the chi-square test to evaluate differences in the percentage of reverse chewing cycles before and after therapy.
Results
The results showed a significant difference when comparing the percentage of reverse chewing patterns in the frontal plane, before and after therapy on the crossbite side. Before therapy the percentage of reverse chewing cycles was 66 per cent when chewing a soft and 70 per cent when chewing a hard bolus. After therapy it was 12 per cent (p < 0.0001), and 13 per cent (p < 0.0001) respectively. No statistically significant differences were observed, during chewing on the non-crossbite side, before and after therapy. The percentage of reverse chewing cycles was 11 per cent for both the soft and hard bolus before therapy, 12 per cent for soft (p < 0.8) and 10 per cent for hard bolus (p < 0.3) after therapy. (Fig. 5) 
Discussion
The results of the present study showed that the percentage of reverse sequencing chewing cycles, during chewing on the crossbite side, was significantly reduced after slow expansion treatment with Function Generating Bite (FGB) suggesting that this appliance corrects not only the anatomical dental relationship, but the masticatory function also (Figs. 3 and 4) . No significant differences were found during chewing on the noncrossbite side after treatment (Fig. 5) .
The results in literature regarding the correction of reverse chewing cycles after therapy are not in agreement, depending on the type of appliance used.
Ben-Bassat et al. 31 and Brin et al. 20 , showed that successful dental treatment of a unilateral posterior crossbite with palatal expansion, did not eliminate the reverse sequencing chewing cycles. As a limitation of these studies the selection of the group of patients is not homogeneous, being the appliances used different, both fixed and removable. Throckmorton et al. 23 , evaluated masticatory cycles in children strictly selected and homogeneously treated with rapid palatal expansion; this study is highly reliable, but it did not obtain any reduction in the percentage of the reverse sequencing chewing patterns after therapy. The authors speculated that the reverse sequencing persists after dental correction of the unilateral posterior crossbite because this malocclusion develops during the eruption of the primary dentition, and has an influence on the developing central pattern generator, establishing the reverse-sequencing type of chewing pattern which is then resistant to change.
Considering the importance of the neural motor control 34-37 on the mandibular movement especially during chewing and considering the consequences of the functional asymmetry on the growing structures of the stomatognathic system, it is of clinical relevance for the orthodontists the knowledge and the understanding of the different functional outcome with different therapies.
On the basis of the results of this study, we can say that slow expansion with Function Generating Bite (FGB) corrects both the dental and functional asymmetries. One reason for this successful therapy may be due to the characteristics of the appliance and, especially, to the posterior metallic bite planes, previously described, which prevent the upper and lower teeth from opposing occlusal contacts during the orthodontic movement (Fig. 3 a,b,c) . The action of the posterior bite planes is based on biomechanical principles. Two forces are simultaneously applied to move the teeth in crossbite: one is the horizontal force of the spring (from the palate to the vestibule) and the other is the vertical force of the metallic bite plane with upward direction for the upper teeth and downward direction for the lower teeth. The metallic bite planes have a role, not only in the general prevention of the occlusal contacts, but they contribute to a bodily movement of the teeth in crossbite exerting a reciprocal force on the upper and lower teeth simultaneously. Being made of resilient stainless steel, they are smooth and let the mandible, the upper and the lower teeth free to slide avoiding occlusal contacts and dental forced position.
With the rapid palatal expansion therapy, it is not possible to prevent the opposing occlusal contacts; it is true that the movement of the teeth is bodily, but it is completely forced by the appliance and the lower teeth are not involved at all.
Inputs from tooth mechanoreceptors 38, 39 are, of course, critical for masticatory control and they are directly related to the biomechanics of the appliance used. It is intriguing to hypothesize that when opposing occlusal contacts occur, the central nervous system directly receives refined peripheral inputs from periodontal, muscular, oral receptors and a strict motor control of the mandibular movement, with very little freedom, is established to avoid the occlusal contacts 21, 25 .
It has been demonstrated that reverse sequencing chewing cycles are diskinetic chewing cycles with altered muscular activation 24 . When they are represented in high percentage during chewing on one side only, as it happens in patients with unilateral posterior crossbite 21 , the activity of the masseter of the crossbite side, is reduced in comparison with the normal side, resulting a functional asymmetry. The reduction in the percentage of reverse sequencing chewing cycles is of utmost importance for decreasing the altered muscular activity and the functional asymmetry 13 .
In conclusion the results of this study confirmed that slow expansion with Function Generating Bite (FGB) corrects both the dental and functional asymmetries. The improvement of masticatory function should be the real aim of the early orthodontic therapy to prevent the biological impact of the asymmetric function on the growing structures of the young patients. The type of therapy and the biomechanics of the appliance used are of great importance for the correction of the reverse sequencing chewing cycles and for rebalancing the functional asymmetry of children with unilateral posterior crossbite.
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